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(54)T1tie: A POWER INDUCTION DEVICE 




(57) Abstract 

A power induction device including at least one cable joint assembly (1) having: a first cable (2) with inner first conducting means 
(3). comprising first conductor means (21) cooled by first cooling means (22) and surrounding outer first electrical insulation (4); a second 
cable (5) having inner second conducting means (6) and surrounding outer second electrical insulation (7); one end of the first conducting 
means (3) being joined at a joint (8) to one end of the second conducting means (6). the outer electrical insulation (4, 7) of each cable not 
surrounding an end portion of its associated inner conducting means adjacent the one end of the latter, and polymeric electrically insulating 
means (9) surrounding the joint (8) and the end portions of the first and second conducting means (3. 6). Hie first electrical insulation 
comprises inner and outer layers of semiconducting material and an intermediate layer of insulating material. The invention also relates to 
a method of joining together two power cables in a power induction device. 
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A POWER INDOCTION DEVICE 

Ten^iTi-i Ml Field 

This invention relates to a power induction device 
including at least one cable joint assembly for connecting 
together two high voltage cables, e.g. operating at up to 
800 kV or higher, at least one of which cables is cooled in 
use to a low temperature to is^rove its electrical 
conductivity. xh particular, but not exclusively, the 
invention relates to a power induction device in which the 
at least one cable joint assestbly connects together a 
superconducting power cable, preferably a so-called high- 
temperature (high-Tg) superconducting (HTS) power cable, to 
another HTS cable or any other type of high voltage cable. 
The power induction device may comprise, for example, a 
fault current limiter, a transformer, motor, generator or 
soagnetic energy storage device, such as a SMES device. The 
invention also relates to a method of joining together two 
high voltage or power cables in a power induction device, at 
least one of which ceibles is cooled in use to a lower 
temperature to improve its electrical conductivity. 

gfcaf.*^ n-F t -Jie Art 

In a power induction device, the joining together of 
high voltage power cables having electrical conductors which 
operate at normal room or ambient temperatures is well 
25 known. In such a 3cnown cable joint, it is conventional for 
the electrical insulation to be stripped from end regions of 
the cables to be joined to reveal the aanderlying electrical 
conductors. These electrical conductors are then joined, 
e.g. soldered, welded or mechanically joined, together and 
30 the joined together conductors are surrounded at the joint 
by polymeric material. An exainple of such a joint in which 
the polymeric material comprises a cross -linked polymer tape 
is disci sed in US-A-4, 084, 307 . However in other known 
loints the polymeric material may be in the form of a 
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prefabricated joint, an elastomer taped joint wliicli is self- 
aanalgamating or an extruded or taped layer of the polymeric 
material wliicli is cross-linked in sity - 

The joining together in a power induction device of 
5 two cooled, e.g. superconducting, cables is more complex 
than the joining together of conventional, non- cooled cables 
since it requires the joining together of conduits for 
cryogenic cooling fluids, the joining together of conducting 
means, e.g. superconducting tapes or threads, and the 

10 provision of electrical insulation around the joint. 
Conventionally it has been necessary to ensure that the 
electrical insulation surrounding the joint is not subjected 
to a large thermal gradient which may result in mechanical 
stress and degradation of the insulation. In practice 

15 conventional electrical insulation is thermally insiQated 
externally so that it is close to the teinperature of the 
inner cooled conductors and/or is thermally insulated 
inwardly between itself and the inner conductors so that it 
is not cooled close to cryogenic testperatures . 

20 fiiimw^yy rif t->i** Xnventxon 

An aim of the present invention is to provide in a 
power induction device an improved cstble joint assembly for 
joining together two high voltage cables, at least one of 
which is cooled in use to a low testperature to improve its 
25 electrical conductivity, and an ia^roved method of joining 
together two such cables in a power induction device. 

According to one aspect of the present invention 
there is provided a power induction device including at 
least one cable joint assembly comprising: 

30 a first cable having inner first conducting means amd 

surrounding outer first electrical insulation, the 
first conducting means comprising first conductor 
means and first cooling means for cooling the first 
conductor means to improve the electrical 
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conductivity of the first conductor means and the 
first electrical insulation (4) comprising a first 
inner layer of semiconducting material electrically 
connected to the first conductor means, a first outer 
layer of semiconducting material connected to a 
controlled electric potential, e,g. earth potential, 
along its length, and a first intermediate layer of 
solid electrically insulating material between said 
semiconducting first inner and outer layers; 

a second cable having inner second conducting means 
and surrounding outer second electrical insulation; 

one end of the first conducting means being joined at 
a joint to one end of the second conducting means, 
the said outer electrical insulation of each cable 
not surrounding an end portion of its associated 
inner conducting means adjacent the said one end of 
the latter; and 

polymeric electrically insulating means surrounding 
the said joint zmd the said end portions of the first 
0 and second conducting means. 

In this specification the term "semiconducting 
material" means a substance which has a considerably lower 
conductivity than an electric conductor but which does not 
have such a low conductivity that it is an electric 
5 insulator. Suitably, but not • exclusively, the semi- 
conducting material will have a resistivity of from 1 to 10^ 
ohm- cm, preferably from 10 to 500 ohm- cm and most preferably 
from 10 to 100 ohm^ cm, typically about 20 ohm- cm. 

Conveniently the polymeric electrically insulating 
0 means is arranged to surround the or each joint assembly in 
the power induction device and the said end portions of the 
first and second conducting means without emy intervening 
thermal insulation. Thus in such a design the polymeric 
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electrically insulating means will operate in use at or 
close to cryogenic temperatures, 

A layer of semi conducting material may be provided on 
the inside and/or outside of the polymeric electrically 
insulating means. 

The polymeric electrically insulating means may 
comprise a prefabricated polymeric sleeve, a polymeric 
extrusion extruded around the joint or a polymeric tape 
wrapped around the joint. In the case of polymeric tape or 
extruded layer, the material may be cross -linked or may 
contain a cross -linJcing agent which is cross -linked by heat 
ajid pressure after its application aroxmd the joint. 

Examples of polymeric materials for the polymeric 
electrically insulating means con^rise low or high density 
polyethylene (IiDPE or HDPE) , polypropylene (PP) , 
polybutylene (PB) , polymethylpentene (PMP) , ethylene (ethyl) 
acrylate polymer, cross-linked (or cross- linkable) 
materials, such as cross-linked polyethylene (XLPE) , or 
rubber insulation, such as ethylene propylene rubber (EPR) 
or silicone rubber. 

Preferably the first conductor means comprises first 
superconducting means and the first cooling means, in use, 
cools the first superconducting means to superconducting 
tenrperatTires . 

Preferably the second conducting means comprises 
second conductor means ajid second cooling meatus for cooling 
the second conductor means to improve the electrical 
conductivity of the second conductor means. Conveniently, 
the second conductor means coznprises second superconducting 
means axid the second cooling means, in use, cool the second 
superconducting means to superconducting temperatures. 

Conveniently the or each of said cooling means 
conrprises an inner tube of metal or metal alloy, preferably 
of high electrical resistivity, through which cryogenic 
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cooling flxiid, e,g. liquid nitrogen, is passed. In tlie case 
where the or each conductor means comprises superconducting 
meems, the superconducting means comprises elongate 
superconducting materials preferably HTS material, e.g. in 
5 tape or thread form, helically wound around its associated 
inner tube. If both the first and second conductor means 
comprise superconducting meams, the inner tubes are suiteJDly 
mechanically joined, e.g. welded, together at the joint and 
electrical connection is laade between end regions of the 
10 elongate superconducting materials of the first and second 
superconducting means. The helically wound HTS material is 
cooled to below the critical temperature T^ of the HTS by the 
cooling fluid passing through the inner tubes. 

There are many different types of HTS material which 

15 are normally ceramic materials. A typical exanple of 
elongate HTS material in thread or tape form comprises 
silver- sheathed BSCCO-2212 or BSCCO-2223 (where the numerals 
indicate the number of atoms of each element in the [Bi, Pbl^ 
Srj Caj Cuj Ox molecule) . BSCCO threads or tapes are made by 

20 encasing fine filaments of the oxide superconductor in a 
silver or silver oxide matrix by a powder -in- tube (PIT) 
draw, roll, sinter and roll process. Alternatively the 
threads or tapes may be formed by a surface coating process. 
In either case the oxide is melted and resolidified as a 

25 final process step. Other HTS threads or tapes, such as 
TiBaCaCuO (TBCCO-1223) and YBaCuO (YBCO-123) have been made 
by various surface coating or surface deposition techniques. 
Two HTS threads, each having an outer electrically 
conductive, e.g. metallic (silver), layer, can be joined 

30 together by joining the conductive layers of the two 
threads. For example end portions of two such HTS threads 
can be overlapped and the silver outer layers can be 
soldered together. In this case, the silver layers act as 
"bridges" connecting the HTS material together. 

3 5 Preferably the second electrical insulation has 

second inner, outer and intermediate layers similar to the 
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first inner layer, first outer layer and first intermediate 
layer of tlie first electrical insulation. 

Tlie or each, of the intermediate layers preferably 
conqprises polymeric material such as, for example, low 
5 density polyethylene (LDPE) / high density polyethylene 
(HDPE) , polypropylene (PP) / cross -linked materials such as 
cross-linked polyethylene (XLPE) or rubber insulation such 
as ethylene propylene rubber (EPR) or silicone rubber. The 
semiconducting layers of the first electrical insulation or 

10 on the inner and/ or outer layers of the polymeric 
electrically insulating means are formed of similar 
polymeric materials but with highly electrically conductive 
particles, e.g. of carbon black or metal, embedded therein. 
Typical exEunples of materials for the insulating and 

15 semiconducting layers are disclosed in US -A- 4, 7 85, 138 . 

According to anotber aspect of the present invention 
there is provided a method of joining together in a power 
induction device a first cable having inner first conducting 
means and surrotmding outer first electrical insulation, the 
20 first conducting means comprising first conductor means and 
first cooling meauis for cooling the first conductor meeuas to 
improve the electrical conductivity of the first conductor 
means, and the first electrical insulation comprising a 
first inner layer of semiconducting material electrically 
25 connected to the first conductor meems, a first outer layer 
of semiconducting material connected to a controlled 
electric potential, e.g. earth potential, along its length, 
and a first intermediate layer of solid electrically 
insulating material between said semiconducting first inner 
3 0 and outer layers, and a second cable having inner second 
conducting means amd surrounding outer second electrical 
insulation, the method comprising removing the electrical 
insulation from am end portion of each caddie to reveal the 
underlying conducting meams, joining together the said end 
3 5 portions of the first and second conducting means so that 
the conducting means are joined together end to end at a 
joint, and surrounding the joint and said end portions of 
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the inner first emd second conducting meams with 
electrically insulating means. 

Brief Description of the Drairinas 

Embodiments of the invention will now be described, 
by way of example only, with particular reference to the 
accompanying drawing, in which: 

Figure 1 is a schematic sectional view of a cable joint 
assembly of a power induction device according to the 
present invention; 

Figure 2 is a schematic partial sectional view, on an 
enlarged scale, of a high voltage power cable of the 
cable joint assembly; 

Figure 3 is a schematic sectional view illustrating the 
joining together of two overlapping super -conducting 
threads of a joint assembly of a power induction device; 

Figure 4 is a schematic view of a joint assembly for 
connecting together two power csUales of a power induction 
device; euad 

Figure 5 is a detail, on an enlarged scale of part of a 
joint of the joint assembly of Figure 4. 

Figure 1 shows a joint assembly, generally designated 
by the reference numeral 1, of a power induction device. 
The joint assesckbly comprises a first superconducting cable 
2 having elongate inner superconducting means 3 and outer 
electrical insulation 4, a second superconducting cable 5 
having elongate inner superconducting means 6 and outer 
electrical insulation 7 , the superconducting means 3 and 6 
being joined end to end at joint 8, and polymeric electrical 
insulation 9 stirrounding the joint 8. End portions of the 
electrical insxxlation 4 and 7 have been removed to reveal 
end portions of the superconducting means 3, 6 on either 
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sid of tile joint 8, Tlie first superconducting cable 2 may, 
for exan^le, form an inductive winding f tiie induction 
device and the second superconducting cable 5 may comprise 
an input or output connection to the Induction device. 
Alternatively, for example , the joined cables may comprise 
parts of the same winding of the power induction device. 

Figure 2 shows one of the superconducting C2Lbles 2 
(the other cable 5 being of sub stcinti ally similar design) of 
the joint assembly 1 shown in Figure 1. The elongate inner 
superconducting means 3 comprises an inner metal, e.g* 
copper or highly resistive metal or alloy, support ttibe 21 
and an HTS wire 22 wound helically around the tube 21 and 
embedded in a layer 23 of semiconducting, e.g. plastics, 
material. The electrical insulation 4 is arr2mged outwardly 
of, at a small radial spacing 24 from, the layer 23. This 
electrical insulation 4 is substsmtially void- free and 
comprises an inner semiconducting layer 25, am outer 
semiconducting layer 26 and, sandwiched between these 
semiconducting layers, an insulating layer 27. The layers 
25-27 are formed of solid material eind preferably comprise 
thermoplastics materials connected to each other at their 
interfaces. Conveniently these thermoplastics materials 
have similar coefficients* of thermal expansion (a) and are 
preferably extruded together around the inner 
superconducting meams 3. PreferaJaly the layers 25-27 are 
extruded together to provide a monolithic structure so as to 
miniiaise the risk of cavities and pores at the interfaces of 
the electrical insulation. The presence of such pores atnd 
cavities in the insulation auxd at its interfaces is 
undesirable since it gives rise to corona discharge in the 
electrical insulation at high electric field strengths. 

The outer semiconducting layer 2 6 is connected along 
its length, e.g. at spaced apart regions along its length, 
to a controlled potential. In most practical applications 
this controlled potential will be earth or ground potential. 
The specific spacing apart of spaced apart adjacent earthing 
points is dependent on the resistivity of the layer 26. 
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The semiconducting layer 26 acts as a static shield 
and as an earthed outer layer which ensures that the 
electric field of the superconducting cable is retained 
within the solid insulation between the semiconducting 
layers 25 ajad 26. X«osses caused by induced voltages in the 
layer 26 are reduced by increasing the resistance of the 
layer 26. However, since the layer 26 must be at least of 
a certain minimum thickness, e.g* no less thain 0*8 mm, the 
resistance can only be increased by selecting the material 
of the layer to have a relatively high volume resistivity. 
The resistivity cannot be increased too much, however, else 
the voltage of the layer 2 6 mid- way between two adjacent 
earthing points will be too high with the associated risk of 
corona dischar-ges occuxring. 

The radial spacing 24 provides an 
expansion/contraction gap to compensate for the differences 
in the thermal coefficients of expansion (of) between the 
electrical insulation 4 and the inner superconducting meajis 
3 (including the metal tube 21) • The spacing 24 may be a 
void space or may incorporate a foeoned, highly compressible 
material to absorb any relative movement between the 
superconductor and insulation system. The foamed material, 
if provided, may be semi conductive to ensxire electrical 
contact between the layers 23 and 25, Additionally or 
alternatively, metal wires may be provided for ensuring the 
necessary electrical contact between the layers 23 and 25. 

The HTS wire 22 is cooled to cryogenic temperatures 
by the passage of a cooling fluid, e.g, liquid nitrogen, 
through the tube 21. 

By way of exan^le only the semiconducting material of 
each of the layers 23, 25 and 26 may comprise, for example, 
a base polymer, such as ethylene -propylene copolymer rubber 
(BPRM) or ethylene -propylene -diene monomer rubber (EPDM) , 
and highly electrically conductive particles, e.g. particles 
of carbon black embedded in the base polymer. The volume 
resistivity of these semiconducting layers may be adjusted 
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as regxiired by varying the type and proportion of carbon 
black added to the base polymer. Tbe following gives an 
example of the way in which volxme resistivity can be varied 
using different types ajid quantities of carbon black. 

Base Polymer Carbon Black Carbon Black Volmne 

Type Quantity (%> Resistivity O- em 

Etbylene vinyl EC carbon black -15 350-400 

acetate copolymer/ 
nitrite rubber 

-n _ P-carbon black -37 70-10 

Extra conducting -35 40-50 

carbon black, type X 

Extra conducting -33 30-60 

black, type II 



Butyl grafted 
polyethylene 



-25 7-10 



Ethylene butyl Acetylene carbon -3 5 40-50 

acrylate copolymer black 

P carbon black -38 5-10 

Ethylene propene Extra conducting -35 2 00-400 

rubber carbon black 

35 The HTS wire 22 may suitably comprise a core 20 of an 

alloy of superconducting material (see Figure 3) sheathed in 
an electrically conductive outer layer 21, e.g. of silver or 
silver alloy. Typical of such an HTS wire are silver- 
sheathed BSCCO-2212 or BSCCO-2223. In order to join 

40 together two such HTS wires, the ends of the wires may be 
overlapped as shown in Figure 3 and the conductive outer 
layers 21 soldered or otherwise joined together. The length 
of the overlap should be sufficient to provide a good 
electrical contact of the outer layers. Since the inner 

45 cores 20 are in electrical contact with their conductive 
outer layers 21, the latter act as "bridges" for 
electrically connecting the inner cores together. 

The polymeric electrical insulation 9 is shown 
schematically in Figure 1. The polymeric insulation may be 
50 tn the form of a prefabricated joint or sleeve, an elastomer 
iraped joint which is self -amalgamating or an extruded or 
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taped layer of the polymeric material which is cr ss- linked 
in situ - Kxan^les of polymeric materials for the polymeric 
electrically insulating meems comprise low density 
polyethylene (LDPE) , high density polyethylene <HDPE) , 
5 polypropylene (PP) , cross-linked (or cross-linkahle) 
materials, such as cross-linked polyethylene {XLPE) , or 
rubber insulation, such as ethylene propylene rubber (EPR) 
or silicone rubber. In the embodiment described, no thermal 
insulation and no cryostat is positioned between the 

10 insulation 9 and the inner superconducting means. A layer 
(not shown) of semiconducting material may be provided 
inwardly and/or outwardly of the insulation 9, although it 
may not be necessary for the layer (s) to extend over the 
entire axial extent of the inner /outer surface (s) of the 

15 insulation 9 • If a semiconducting inner layer is provided 
it will make electrical contact with the superconducting 
means 6. If a semiconducting outer layer is provided, it 
will be at a controlled, e.g. earth, potential along its 
length* The sexai conducting material may be the same as that 

20 used for the layers 23, 25 and 26. 

Although the cables 2 and 5 are shown as being of 
generally similar design, the thickness of the outer 
electrical insulation 4 may be different to the thickness of 
the outer electrical insulation 7. Thus, for example, if 

25 the joined together cables 2 and 5 form at least part of a 
transformer winding, with the cable 2 being at a higher 
operating voltage, in use, than the caible 5, then the 
insulation 4 may be thicker than the instilation 7. By 
providing each winding with joined together power cables of 

30 different diameters, and by intermixing different windings, 
it is possible to optimise the space occupied by the 
windings . 

In joining together two cables 2 and 5, the end 
portions of the cables to be joined are stripped of the 
3 5 electrical insulation 4 and 7, respectively. Then the inner 
metal support tubes are welded together and the HTS wires 
are joined together. Finally the polymeric electrical 
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insulation 9 is applied around the joint 8 and tlie uncovered 
end portions of the support tubes. 

Figures 4 and 5 show in a power induction device axi 
alternative joint assembly for connecting together a 
superconducting cable 31 cuad an eiarthed non- superconducting 
cable 38 electrically insulated by solid electrically 
insulating material 40. The superconducting cable 31 has a 
central tube 32 having a return bend at one end 33 of the 
cable to form a generally U-shaped tube having coolaint 
supply and return ducts 34 and 35 in communication with each 
other. Superconducting means, in the form of elongate 
superconducting wire or tape having conductive strsuids 42, 
is woxmd axound the central tube 32 with the conductive 
strands 42 being joined, e.g. soldered, at joint 36 to the 
current conductor (s) 37 of the caible 38. 

The superconducting wire or tape wound aroTind the 
central tube 32 is electrically insulated by typically void- 
free, solid insulating material 39 comprising an inner layer 
of semiconducting material electrically connected to the 
superconducting meams, an outer layer of semiconducting 
material connected to a controlled electric potential, 
preferably earth potential, along its length and an 
intermediate layer of electrically insulating material. 
Conveniently these layers of the electrical insulation are 
of similar material, e.g. polymeric material, and are formed 
in a similar manner to the layers of the electric insulation 
7 described with reference to the Figure 2. The electrical 
insulation 40 may be similax to the insulation 39, having 
inner and outer layers of semiconducting material and an 
intermediate layer of insulating material. Conductors of 
the cable 38 are connected to the inner semiconducting layer 
and the outer semiconducting layer is at a controlled, e.g. 
earth, potential along its length. 

The joint 36 is surrounded by polymeric electrical 
insulation 41. The insulation 41 surrounds the soldered 
together superconducting strands 42 and current conductor (s) 



wo 99/28994 



PCT/EP98/07742 



- 13 - 

37 and overlaps both tbe insulating material 39 and the 
insulating material 40. 

The central ttabe may comprise a single tube (not 
shown) divided by an internal partition to provide supply 
and return ducts for the cryogenic fluid which are in 
communication with each other at the end 33. The cooling 
efficiency can be slightly improved by constructing the 
support tube and/or its inner partition as a helix so that 
the surrounding superconducting wire or tape is cooled along 
a helical path. Alternatively the support tube could be 
designed as a pair of concentric tubes, the inner tube 
serving as a return duct for the cryogenic fluid, the 
superconducting wire or tape being wound on the outside of 
the outer tube and the annular gap between the inner and 
outer tubes providing a supply duct for the cryogenic fluid. 

The invention is not limited to a power induction 
device having at least one joined superconducting cable or 
cables of the type disclosed in Figure 2, Indeed the or 
each joint assembly of a power induction device according to 
the invention is intended to cover the use of polymeric 
electrical insxilation which is able to operate at or close 
to cryogenic ten^eratures . 

Although the present invention is primarily directed 
to power induction devices having joints for high voltage 
power cables at least one of which has conducting means with 
superconducting properties which are cooled to 
superconducting temperatures in use, the invention is also 
intended to embrace power induction devices having power 
cable joints in which at least one of the high voltage power 
cables has conducting means having improved electrical 
conductivity at a low operating temperature, up to, but 
preferably no more than, 200 K, but which may not possess 
superconducting properties at least at the intended low 
operating temperatur . At these higher cryogenic 

; temperatures, li<iuid carbon dioxide can be used for cooling 
the conducting means. 



f) 
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The electrical insulation used in a joint of a power 
induction device according to tli invention is intended to 
be 2Lble to handle very high voltages and the consequent 
electric and thermal loads which may arise at these 
5 voltages. By way of example, a power induction device 
according to the invention may con^rise a power transformer 
having a rated power of from a few hundred kVA up to more 
than 1000 MVA and with a rated voltage ranging from 3-4 kV 
lap to very high transmission voltages of 400-800 kV. At 
10 high operating voltages, partial discharges, or PD, 
constitute a serious problem for known insulation systems of 
power induction devices. If cavities or pores are present 
in the insulation, internal corona discharge may arise 
whereby the insulating material is gradually degraded 
15 eventually leading to breakdown of the insulation • The 
electric load on the electrical insulation of a cable of a 
power induction device according to the present invention is 
reduced by ensuring that the inner layer of the insulation 
is at substantially the same electric potential as the inner 
20 conducting means and the outer layer of the insulation is at 
a controlled, e.g. earth, potential- Thus the electric 
field in the intermediate layer of insulating material 
between the inner and outer layers is distributed 
stabstantially uniformly over the thickness of the 
25 intermediate layer. Furthermore, by having materials with 
similar thermal properties and with few defects in the 
layers of the insulating material, the possibility of PD is 
reduced at a given operating voltages. A joint of a power 
induction device caux thus be designed to withstand very high 
30 operating voltages, typically up to 800 kV or higher. 

Power induction devices according to the invention 
may comprise, for example, motors, generator, transformers, 
energy storage devices, such as SMES devices, or fault 
current limiters. 



Although it is preferred that the electrical 
insulation should be extruded in position, it is possible to 
build up an electrical insulation system from tightly woxind. 
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overlapping layers of film r sheet- like mat rial. Botli the 
semiconducting layers and the electrically insulating layer 
can be formed in this manner. An insulation system can be 
made of an all -synthetic film with inner and outer 
semiconducting layers or portions made of polymeric thin 
film of, for exan^le, PP, PET, U5PE or HDPE with embedded 
conducting particles, such as carbon black or metallic 
particles and with an instilating layer or portion between 
the semiconducting layers or portions. 

For the lapped concept a sufficiently thin film will 
have butt gaps smaller thaui the so-called Paschen m inim a , 
thus rendering liquid inqpregnation imnecessary . A dry, 
wound multilayer thin film insulation has also good thermal 
properties and can be combined with a superconducting pipe 
as an electric conductor and have coolajxt, such as liquid 
nitrogen, pumped through the pipe. 

Another example of an electrical insulation system is 
similaif to a conventional cellulose based cable, where a 
thin cellulose based or synthetic paper or non- woven 
material is lap wo\md around a conductor. In this case the 
semiconducting layers, on either side of an insulating 
layer, can be made of cellulose paper or non- woven material 
made from fibres of insulating material and with conducting 
particles embedded. The insulating layer can be made from 
the same base material or another material can be used. 

Another exan5>le of an insulation system is obtained 
by combining film and fibrous insulating material, either as 
a laminate or as co-lapped. An example of this insulation 
system is the commercially available so-called paper 
0 polypropylene laminate, PPI*P, but several other combinations 
of film and fibrous parts are possible. In these systems 
various in^regnations such as mineral oil or liquid nitrogen 
can be used. 



wo 99728994 PCT/EP98/07742 

- 16 - 
CLAIMS 

1. A power induction device including at least one 
cable joint assembly (1) con^rising: 

a first cs^Dle (2) baving inner first conducting means 
5 (3) and stirrounding outer first electrical insulation (4) , 
tbe first conducting means (3) conqorising first conductor 
means (21) and first cooling rneems (22) for cooling tbe 
first conductor means to improve tbe electrical conductivity 
of tbe first conductor means (22) and tbe first electrical 

10 insulation (4) con^rising a first inner layer of 
semiconducting material electrically connected to the first 
conductor means, a first outer layer of semiconducting 
material connected to a controlled electric potential, e.g. 
eartb potential, along its length, and a first intermediate 

15 layer of solid electrically insulating material between said 
semiconducting first inner and outer layers; 

a second ceOsle (5) having inner second conducting 
meems (6) and surroiinding outer second electrical insulation 
(7) ; 

20 - one end of tbe first conducting means (3) being 

joined at a joint (8) to one end of tbe second conducting 
means (6), the said outer electrical insulation (4, 7) of 
each CcQ>le not surrounding an end portion of its associated 
inner conducting means adjacent tbe said one end of tbe 

25 latter; and 

polymeric electrically insulating means (9) 
surrotinding tbe said joint (8) and the said end portions of 
the first and second conducting means (3, 6). 

2, A power induction device according to claim 1, 
30 characterised in that said polymeric electrically insulating 
means (9) sxirrounds tbe said joint (8) and the said end 
portions of tbe first and second conducting meians (3, 6) 
without any intearvening thermal insulation. 
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3 . A power induction d vice according to claim 1 or 
2r characterised in that said polymeric electrically 
insulating means (9) con^rises a pref eibricated polymeric 
sleeve. 

4 . A power induction device according to claim 1 or 
2, characterised in that said polymeric electrically 
insulating means (9) con^rises a polymeric extrusion 
extruded arovind the joint (8) . 

5. A power induction device according to claim 1 or 
2, characterised in that said polymeric electrically 
insulating means (9) comprises a polymeric tape wrapped 
around the joint. 

6 . A power induction device according to claim 5 , 
characterised in that said polymeric tape is cross -linked. 

7. A power induction device according to any one of 
the preceding claims, characterised in that inwardly of said 
polymeric insulating means (9) there is a layer of 
semiconducting material . 

B. A power induction device according to any one of 
the preceding claims, characterised in that outwardly of 
said polymeric insulating means (9) there is a layer of 
semiconducting material. 

9. A power induction device according to any one of 
the preceding claims, characterised in that said polymeric 
electrically insulating means conqprises low or high density 
polyethylene (LDPE or HDPE) , polybutylene (PB) , 
polymethylpentene (PMP) , ethylene (ethyl) acrylate polymer, 
cross-linked materials or rubber insulation. 

10. A power induction device according to claim 9, 
characterised in that said cross-linked materials comprise 
cross-linked polyethylene (XLPE) . 
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11 « A power induct:lon device according to claim 
charac tier lead In that said rubber insxilatlon comprises 
ethylene propylene nibber (EPR) or silicone rubber. 

12 . A power induction device according to any one of 
the preceding claims, characterised in that the first 
conductor means comprises first superconducting means and 
the first cooling means, in use, cools the first 
superconducting means to superconducting temperatures. 

13 . A power induction device according to any one of 
the preceding claims, characterised in that the second 
conducting means comprises second conductor means and second 
cooling means for cooling the second conductor means to 
improve the electrical conductivity of the second conductor 
means • 

14. A power induction device according to claim 13, 
characterised in that the second conductor means comprises 
second superconducting meeuas euid the second cooling means, 
in use, cools the second superconducting means to 
superconducting temperatures . 

15. A power induction device according to any one of 
the preceding claims, characterised in that the or each of 
said cooling meams comprises an inner tube through which 
cryogenic cooling fluid, e.g. liquid nitrogen, is passed. 

16. A power induction device according to claim 15 
when dependent on claim 12 or 14, characterised in that the 
or each of said superconducting means comprises elongate 
superconducting material helically wound around its 
associated inner tube. 

17 . A power induction device according to claim 16 
0 when dependent on claim 14, characterised in that the two 

inner tiobes are mechsuiically joined, e.g. welded, together 
at the joint. 
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18. A power induction device according to any one of 
th preceding claims, characterised in that the second 
electrical insulation (7) coiEtprises a second inner layer of 
semiconducting material electrically connected to the second 
conducting means, a second outer layer of semiconducting 
material connected to a controlled electric potential, e.g. 
eaxth potential, along its length, and a second interxaediate 
layer of solid electrically ixisulating material between said 
semiconducting second inner and outer layers. 

19. A power induction device according to any one of 
the preceding claims, characterised in that the said 
semiconducting material has a resistivity of from 1 to 10^ 
ohm-cm, preferably from 10 to 500 ohm-cm and most preferably 
from 50 to 100 ohm-cm. 

20. A power induction device according to any one of 
the preceding claims, characterised in that the or each of 
said intermediate layers comprises polymeric material. 

21. A power induction device according to axiy one of 
the preceding claims, characterised in that the or each 
semiconducting layer is formed of polymeric material with 
highly electrically conductive particles, e.g. carbon black 
or metallic particles, embedded therein. 

22. A power induction device according to claim 20 
or 21, characterised in that the said polymeric material 
comprises low density polyethylene (LDPE) , high density 
polyethylene (HDPE) , polypropylene (PP) , cross-linked 
materials, for example cross -linked polyethylene (XXiPE) , or 
rubber insulation such as ethylene propylene rubber (EPH) or 
silicone rubber. 

23. A power induction device according to any one of 
the preceding claims, characterised in that it is designed 
for high voltage, suitably in excess of 10 kV, in particular 
in xcess of 36 kV, and preferably more than 72.5 kV up to 
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very h±gh trazxsmlssion voltages, such as 400 kV to 800 kV or 
high r. 

24. A power Induction device according to any one of 
the preceding claims / characterised In that It Is designed 

5 for a power range In excess of 0*5 MVA, preferably In excess 
of 30 MVA and up to 1000 MVA. 

25. A method of joining together in a power 
induction device a first cable (2) having inner first 
conducting means (3) and surrounding outer first electrical 

10 insuJ.atlon (4) , the first conducting means comprising first 
conductor means (22) and first cooling meeuas (21) for 
cooling the first conductor means to Improve the electrical 
conductivity of the first conductor means (22) , and the 
first electrical insulation (4) comprising a first inner 

15 layer of semiconducting material electrically connected to 
the first conductor means, a first outer layer of 
semiconducting material coimected to a controlled electric 
potential, e.g. earth potential, along its length, and a 
first intermediate layer of solid electrically insulating 

20 material between said semiconducting first ixmer auid outer 
layers, and a second cable (5) having inner second 
conducting means (6) and surrounding outer second electrical 
insulation (7) , the method comprising removing the 
electrical Insulation from an end portion of each cable (2, 

25 5) to reveal the underlying conducting means (3, 6), joining 
together the said end portions of the first and second 
conducting means (3, 6) so that the conducting means are 
joined together end to end at a joint (8) , and surrounding 
the joint and said end portions of the inner first and 
30 second conducting meauis (3, 6) with polymeric electrically 
insulating means (9) « 

26. A method according to claim 25, characterised in 
that said polymeric electrically insulating means (9) is 
applied as a prefabricated sleeve surrounding the joint and 
35 said end portions of the first and second conducting means. 
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27. A xoetliod according to claim 25, characterised in 
that sai.d polymeric electrically insulating means (9) is 
extruded around the joint and said end portions o£ tlie first 
and second conducting means. 

28. A method according to claJLm 25, characterised in 
that said polymeric electrically insulating mesins (9) is 
applied as a polymeric tape arotind the joint and said end 
portions o£ the first and second conducting means. 

29. A method according to claim 28, characterised in 
that the polymeric tape is cross -linked. 

30. A method according to claim 28, characterised in 
that the polymeric tape contains a cross -linking agent which 
is cross -linked by the application of heat and pressure 
after the tape has been wrapped axound the joint and said 
end portions of the first and second conducting meams. 

31. A method according to any one of claims 25 to 

30, characterised in that said polymeric insxilating means 
(9) has an inner layer of semiconducting material. 

32. A method according to any one of claims 25 to ^ 

31, characterised in that said polymeric insulating means 
(9) has an outer layer of semiconducting material. 

33. A method according to any one of claims 25 to 

32, characterised in that said first conductor means 
coscqprises superconducting meems. 

34. A method according to euiy one of claims 25 to 

33, characterised in that said second conducting means 
con^rises second conductor means comprising superconducting 
means and second cooling meaois for cooling the second 
conductor means to superconducting temperatures. 

35. A method according to claim 34 when dependent on 
claim 33, characterised in that each cooling means comprises 
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an Inner tube through which, in use cryogenic cooling fluid 
is passed, in that each superconducting means coaiprises 
elongate superconducting material helically wound around its 
associated inner tube, and in that the said inner tubes are 
joined together end to end. 

36* A method according to claim 35, characterised in 
that the said inner tubes are joined together end to end by 
welding. 

37* A method according to claim 35 or 36, 
characterised in that said superconducting materials 
coxnprise oxide superconducting means sheathed in a metallic, 
e.g. silver or silver alloy, sheath and in that the metallic 
sheaths are joined together, e.g. by soldering. 

38. A method according to any one of claims 25 to 

37, characterised in that the power induction device is 
designed for high voltage, suitably in excess of 10 kV, in 
particular in excess of 36 kV, and preferably more than 72.5 
kV up to very high transmission voltages, such as 400 kV to 
800 kv or higher. 

39. A method according to any one of claims 25 to 

38, characterised in that the power induction device is 
designed for a power range in excess of 0.5 HVA, preferably 
in excess of 30 KVA and up to 1000 MVA. 
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